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Mycobacterium bovis infection has been reported in several patients with AIDS in other countries. The
prevalence of tuberculosis in Taiwan is higher than the World Health Organization standard. However,
reports of M. bovis infection are rare. A 47-year-old male had the habit of drinking uncooked fresh deer’s
blood and unpasteurized deer’s milk. He suffered from acute abdominal pain and underwent emergency
laparotomy. Pathology demonstrated tuberculosis enteritis with colon perforation. The molecular diagnosis
by nested polymerase chain reaction assay and single-strand conformation polymorphism assay showed
M. bovis infection in the small intestine, mesenteric lymph nodes, and cerebrospinal fluid (CSF). Our results
suggest that the most likely portal of entry of M. bovis is the gastrointestinal rather than the respiratory
tract. Ingested M. bovis from unpasteurized deer’s milk probably entered the mucosal macrophages of
the intestine and then the draining mesenteric lymph nodes. As immunity declined, bacilli from the
mesenteric lymph nodes disseminated to other organs and into the CSF.
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The Mycobacterium tuberculosis (MTB) complex includes
Mycobacterium tuberculosis, Mycobacterium bovis, Mycobac-
terium bovis BCG, Mycobacterium africanum, and Myco-
bacterium microti. MTB causes tuberculosis in humans, but
infection has also been reported in pets such as dogs and
cats and other animals in contact with infected humans.
M. africanum causes tuberculosis in humans and primates
in tropical Africa. M. microti, the vole bacillus, causes
tuberculosis in small rodents, cats, and pigs, and is not
considered an important human pathogen. M. bovis is the
causative agent of bovine tuberculosis, but has the widest
host range of any of the members of the MTB complex [1,2].
In areas such as Africa, the zoonotic importance of M. bovis
infection may be further highlighted by closer contact with
animals, consumption of unpasteurized milk, and the in-
creasing incidence of human immunodeficiency virus (HIV)
infections. M. bovis infection has been reported in several
patients with acquired immune deficiency syndrome (AIDS)
in San Diego, and a multidrug resistant strain of M. bovis
has spread between patients in an AIDS ward in France [2].
Tuberculosis continues to be a very important problem
in public health. There were 8,740,000 new tuberculosis
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patients in the world in 2001. The prevalence of pulmonary
tuberculosis in Taiwan is 0.65%, which is 3.55 times higher
than the World Health Organization (WHO) standard [3].
In eastern Taiwan, including Taitung and Hualien, the
prevalence of tuberculosis is up to 123 to 126 per 100,000
persons [3].
The incidence of human tuberculosis caused by M. bovis
has decreased in developed countries following pasteur-
ization of milk for human consumption and the success-
ful progress of bovine tuberculosis eradication campaigns.
However, the Pan American Health Organization and the
WHO report 7,000 new cases of human tuberculosis caused
by M. bovis in South America each year, and it has been
suggested that the real incidence could be eight times
higher [2]. Humans can also act as reservoirs of M. bovis,
with the transmission of infection to cattle reported in
several countries [1,2].
Accurate information on the incidence of M. bovis in-
fection in humans is limited and the data are controversial
[2]. We report a case of systemic infection by M. bovis with
enteritis, peritonitis, and meningitis.
CASE PRESENTATION
A 47-year-old male was a breeder of deer in Hualien. He
had the habit of drinking uncooked fresh deer’s blood and
unpasteurized deer’s milk. He suffered from acute abdomi-
nal pain and was brought to the emergency department
of Buddhist Tzu-Chi General Hospital. During emergen-
cy laparotomy, 110 cm of the ileum and 15 cm of the right
colon were resected due to severe colon perforation. His-
tology of tissue sections proved tuberculosis enteritis (Fig-
ure 1). Although he had no obvious presentation of neck
stiffness or headache, he underwent lumbar puncture to
evaluate cryptococcal meningitis that he had had 2 years
previously. The cerebrospinal fluid (CSF) was clear but
faintly yellowish. Cryptococcal antigen and culture results
were negative. The glucose level was 41 mg/dL and the
total protein level was 56 mg/dL. The total white cell count
per microliter was zero. Chest roentgenography showed
changes compatible with pulmonary tuberculosis, although
the patient had no cough or other respiratory symptoms.
Sputum stain and culture were negative for acid-fast bacilli.
We isolated DNA from the CSF and two paraffin spec-
imens of mesenteric lymph nodes and intestine. Three
groups of primer sets were used in polymerase chain reac-
tion (PCR) and PCR-single-strand conformation polymor-
phism (SSCP) (Figure 2). The first group of primer sets, used
to target the IS6110 insertion sequence to identify the
MTB complex, was outer set F6 (5’TGGCTAACCCTGA-
ACCGTGAG3’)/R6 (5’TTCAGGTCGAGTACGCC-
TTCT3’), and inner set HPFA (5’GATGCACCGTCGAAC-
GGCTGA3’)/HPRA (5’AGGTGGCCATCGTGGAAG-
CGA3’), generating amplicons of 371 and 266 bp, respec-
tively [4]. The second group of primer sets, used to target
mtp40 to differentiate MTB from M. bovis, was outer set
PT3A (5’TTCCCAACACCACGTTAGGGA3’)/PT3B
(5’CGGTCTGGGTTTTCGCGTTC3’), and inner set PT4A
( 5 ’ G T G G A G T C G C A A A G T T G A A C G 3 ’ ) / P T 4 B
(5’CCTGCATTGTCATTTCGCCGT3’), generating am-
plicons of 284 and 177 bp, respectively [4,5]. The third
group, used to target the pyrazinamidase (PZase)
gene (pncA gene) for PCR-SSCP analysis, was MB1
(5’ATCAGCGACTACCTGGCCGA 3’ )  and MB2
(5’GATTGCCGACGTGTCCAGAC 3’), with an expected
amplicon of 180 bp [6].
Figure 1. (A) Microscopic appearance of small intestine. Microorganisms
cause granuloma formation (arrow) and ulcerations (double-line arrow)
over mucosa (hematoxylin & eosin, × 100). (B) Microscopic appearance
of small intestine showing acid-fast bacilli (arrows) among histiocytes
(Ziehl-Neelsen stain, × 400).
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The PCR mixture (12.5 µL) contained 50 mM KCl,
10 mM Tris-HCl, pH 8.4, 2.5 mM MgCl2, 0.2 mM each of
dATP, dCTP, dGTP, dTTP, 10-11 µM (200 ng) of primers, and
2.5 units of Taq DNA polymerase. In the first multiplex
PCR, the ratio of the two primer sets (F6/R6 to PT3A/PT3B)
was 2:3, and the template was 1 µL of purified genomic
DNA or DNA from tissue samples. In the nested multiplex
PCR, the ratio of the two primer sets (HPFA/HPRA to
PT4A/PT4B) was 1:3, and the template was 1 µL of PCR
product from the first PCR. The PCR conditions were one
cycle of 94°C for 1 minute, followed by 40 cycles of 94°C for
30 seconds, 60°C for 30 seconds, and 72°C for 30 seconds. At
the end, the reaction was extended at 72°C for 2 minutes.
The negative control contained all of the components except
the target DNA. Positive controls contained M. tuberculosis
(ATCC35800) and M. bovis (ATCC19274) genomic DNA.
The multiplex PCR products were separated on 1.5% agarose
gel and analyzed using ethidium bromide staining. M. bovis
and not MTB was found in all samples, shown by the
presence of IS6110 but not mtp40 (Figure 3, lanes 7–9).
The template for the PCR-SSCP assay was genomic DNA.
Denatured products were loaded onto 20% polyacrylamide
gel stained with ethidium bromide and visualized under
ultraviolet light [6]. The amplicons were also confirmed by
DNA sequencing (data not shown). The PCR-SSCP assay
directly confirmed the presence of M. bovis in the specimen
from the intestine (Figure 4, lane 3).
The patient had short bowel syndrome after surgery. He
was discharged after nearly 2 months of hospitalization.
DISCUSSION
M. bovis has a different route of infection from that of M.
tuberculosis and is more likely to cause non-pulmonary
tuberculosis [7]. Data from Yaqoob et al indicate that the
three common anatomic sites of bovine tuberculosis are
lung, genitourinary tract, and lymph nodes [8]. The rate of
combined abdominal and meningeal bovine tuberculosis is
0% to 3%, and that of combined pulmonary and meningeal
bovine tuberculosis is 0% to 4%. A similar anatomic distri-
bution of bovine tuberculosis was seen in Griffith’s survey
[9]. Our patient had pulmonary tuberculosis and extra-
pulmonary bovine tuberculosis at multiple sites, including
Figure 2. Target DNA and locations of primer sets including expected
size of each amplicon: (A) IS6110, (B) mtp40, and (C) pncA.
Figure 3. Detection and identification of Mycobacterium bovis in
DNA from paraffin-embedded tissues and cerebrospinal fluid (CSF) by
a nested multiplex polymerase chain reaction (PCR) assay. Lanes 1 to 3:
first PCR assay using F6/R6 (371 bp) and PT3A/PT3B (284 bp) primer
sets and 106 copies of genomic DNA from Mycobacterium tuberculosis
(lane 1), M. bovis (lane 2), or without template DNA as a negative
control (lane 3). Lanes 4 to 6: nested PCR assay using HPFA/HPRA
(266 bp) and PT4A/PT4B (177 bp) primer sets and 106 copies of genomic
DNA from M. tuberculosis (lane 4), M. bovis (lane 5), or without
template DNA as a negative control (lane 6). Lanes 7 to 9: nested
multiplex PCR assay of DNA from CSF (lane 7), small intestine (lane 8),
and lymph node (lane 9).
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the meninges, intestine, and peritoneum. The reported
incidence of extrapulmonary bovine tuberculosis with
coexisting pulmonary infection is up to 60% [2].
With respect to clinical, radiologic and pathologic fea-
tures, tuberculosis due to M. bovis is indistinguishable from
that due to MTB. In this case, the mycobacterial strain was
originally diagnosed by acid-fast stain from intestinal bi-
opsy. M. bovis was identified by PCR in samples from the
mesenteric lymph nodes, intestine, and CSF. Samples
were positive for IS6110 and negative for mtp40. Nested
multiplex PCR assay targeting both IS6110 and mtp40
can be used to distinguish M. tuberculosis from M. bovis.
M. tuberculosis is PCR-positive for both targets, whereas
M. bovis is positive for IS6110 but negative for mtp40 [4,5,
10]. However, the method may produce a false-positive or
false-negative result in a very few strains, because the
mtp40 gene is present in most, but not all, MTB strains,
and is absent in most, but not all, M. bovis strains [11].
Therefore, we used a PCR-SSCP assay to directly identify
M. bovis. The rapid PCR-SSCP assay has been useful in
differentiating the two closely related species, based on
the detection of a single point mutation (C to G) in the
PZase gene [6].
In the USA and other countries where tuberculosis in
cattle has been virtually eradicated, only about 0.1% of
human tuberculosis is due to M. bovis, but the proportion
rises to 3% near the border with Mexico where cases of cat-
tle disease are still widespread [12]. In Egypt, the propor-
tion of human bovine tuberculosis varies from 0.4% to 6% in
different hospitals [1]. However, in recent years, HIV
infection has increased the incidence of human bovine
tuberculosis, and has even facilitated outbreaks of
multidrug-resistant M. bovis infection [13]. In Taiwan,
there are no epidemiologic data about human bovine
tuberculosis. If the proportion of bovine tuberculosis to
all human tuberculosis is 3%, as in Mexico, there would
have been about 400 to 500 new cases of bovine tuberculo-
sis in Taiwan in 2002. M. bovis is usually resistant to
pyrazinamide and even multidrug resistant. Therefore,
bovine tuberculosis is an important disease, but it has
been ignored clinically.
Human bovine tuberculosis is usually transmitted
from cattle to humans via infected milk or urine. It may also
be transmitted from human to human via inhalation of
contaminated aerosols [12]. M. bovis has an exceptionally
wide host range including non-human primates, goats,
cats, dogs, pigs, buffalo, badgers, possums, deer, and bison
[2]. In our case, the cause of the bovine tuberculosis was
probably drinking unpasteurized deer’s milk. Deer farming
is an economically important industry in Taiwan. There are
three species of captive and farmed deer: Cervus nippon
taiouanus, Cervus unicolor swinhoei, and Muntiacus reevesii
micrurus [14]. The methods for diagnosing bovine tubercu-
losis in Taiwan’s cervidae are limited to traditional tests
including tuberculin skin test, acid-fast stains, and cul-
ture [15,16]. There is almost no information on the preva-
lence of bovine tuberculosis in animal or human popu-
lations in Taiwan, possibly due to low culture rates for M.
bovis, and few reports about bovine tuberculosis. How-
ever, there are numerous reports of bovine tuberculosis in
many animals in developed countries, including Austria
[17], the UK [18], and the USA [19], and in developing
countries, including Mexico [1], Egypt [12], and Latin
America [20].
In our case, all culture results were negative. This might
have been because we used L-J medium containing glycerol
that only favored the growth of M. tuberculosis but affected
the growth of M. bovis. L-J medium without glycerol but
containing pyruvate may encourage the growth of M. bovis
[21]. Therefore, if bovine tuberculosis is suspected, two
types of L-J medium, with and without glycerol, should be
used at the same time. Moreover, molecular diagnosis
should be used to identify M. bovis thoroughly.
If milk and blood from deer contain the pathogens of
this bovine tuberculosis, pasteurization of deer’s milk as
for cattle milk would be necessary to prevent infection
with M. bovis. In the future, we believe extensive epidemiolo-
Figure 4. Confirmation of Mycobacterium bovis in small intestine
tissue by single-strand conformation polymorphism (SSCP) analyses.
Genomic DNA purified from a standard Mycobacterium tuberculosis
strain (lane 1), a standard M. bovis strain (lane 2), and from paraffin-
embedded tissue from the small intestine (lane 3).
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gic studies, public prophylaxis, molecular diagnoses, and
development of treatments for bovine tuberculosis are
necessary in Taiwan.
Despite the significant decrease in its incidence after
widespread pasteurization of milk, M. bovis infection can
still be an important problem in the clinical and public
health settings, especially for those with frequent contact
with animals and for the immunocompromised. An epi-
demiologic study may be needed in Taiwan to ascertain the
extent of M. bovis. A nested multiplex PCR assay target-
ing both IS6110 and mtp40 can be used to distinguish M.
bovis from M. tuberculosis. A PCR-SSCP test can be used to
directly identify M. bovis.
REFERENCES
1. Moda G, Daborn CJ, Grange JM, Cosivi O. The zoonotic impor-
tance of Mycobacterium bovis. Tuber Lung Dis 1996;77:103–8.
2. O’Reilly LM, Daborn CJ. The epidemiology of Mycobacterium
bovis infections in animals and man: a review. Tuber Lung Dis
1995;76(Suppl 1):1–46.
3. Tuberculosis Annual Report 2001. Taipei: Center for Disease
Control Taiwan, ROC, 2002.
4. Wei CY, Hwang JJ, Chu CW, et al. Detection and identification
of Mycobacterium tuberculosis by nested PCR assays in
cerebrospinal fluid samples from patients with suspected
tuberculous meningitis. Kaohsiung J Med Sci 1999;15:475–83.
5. Herrera EA, Segovia M. Evaluation of mtp40 genomic frag-
ment amplification for specific detection of Mycobacterium
tuberculosis in clinical specimens. J Clin Microbiol 1996;34:
1108–13.
6. Scorpio AS, Collins D, Whipple D, et al. Rapid differentiation
of bovine and human tubercle bacilli based on a characteristic
mutation in the bovine pyrazinamidase gene. J Clin Microbiol
1997;35:106–10.
7. Grange JM. Mycobacterium bovis infection in human beings.
Tuberculosis 2001;81:71–7.
8. Yaqoob M, Goldsmith HJ, Ahmad R. Bovine genitourinary
tuberculosis revisited. Q J Med 1990;74:105–9.
9. Griffith AS. Bovine tuberculosis in man. Tubercle 1937;18:
528–43.
10. Liebana E, Aranaz A, Francis B, et al. Assessment of genetic
markers for species differentiation within the Mycobacterium
tuberculosis complex. J Clin Microbiol 1996;34:933–8.
11. Weil A, Plikaytis BB, Butler WR, et al. The mtp40 gene is not
present in all strains of Mycobacterium tuberculosis. J Clin
Microbiol 1996;34:2309–11.
12. Dankner WM, Waecker NJ, Essey MA, et al. Mycobacterium
bovis infections in San Diego: a clinicoepidemiological study
of 73 patients and a historical review of a forgotten pathogen.
Medicine 1993;72:11–37.
13. Gobels K, Teichmann D, Grobusch MP, et al. Joint tuberculosis
caused by Mycobacterium bovis in an immunocompetent patient.
Eur J Clin Microbiol Infect Dis 2000;19:726–8.
14. Chen ZH. Current situation and prospect of deer husbandry
in Taiwan. Livestock Magazine 2002;69:86–9.
15. Xiao ZR, Li SH, Yang YH, et al. The diagnosis and species
identification of tuberculosis in deer. Research Report of Taiwan
Provincial Research Institute for Animal Health 1988;24:1–6.
16. Tsai HY. Tuberculosis in wild animals. Taipei Zoo Bulletin 1992;
4:23–8.
17. Prodinger WM, Eigentler A, Allerberger F, et al. Infection of
red deer, cattle, and humans with Mycobacterium bovis subsp.
caprae in western Austria. J Clin Microbiol 2002;40:2270–2.
18. O’Brien DJ, Schmitt SM, Fierke JS, et al. Epidemiology of
Mycobacterium bovis in free-ranging white-tailed deer,
Michigan, USA, 1995–2000. Prev Vet Med 2002;54:47–63.
19. Delahay RJ, Cheeseman CL, Clifton-Hadley RS. Wildlife
disease reservoirs: the epidemiology of Mycobacterium bovis
infection in the European badger (Meles meles) and other
British mammals. Tuberculosis (Edinb) 2001;81:43–9.
20. Ritacco V, de Kantor IN. Zoonotic tuberculosis in Latin
America. J Clin Microbiol 1992;30:3299–300.
21. Dixon JM, Cuthbert EH. Isolation of tubercle bacilli from
uncentrifuged sputum on pyruvic acid medium. Am Rev
Respir Dis 1967;96:119–22.
Systemic infection caused by Mycobacterium bovis
307Kaohsiung J Med Sci June 2004 • Vol 20 • No 6
